We use our high resolution He-lamp based, tunable laser-based ARPES measurements and density functional theory calculations to study the electronic properties of LaBi, a binary system that was proposed to be a member of a new family of topological semimetals. Both bulk and surface bands are present in the spectra. The dispersion of the surface state is highly unusual. It resembles a Dirac cone, but upon closer inspection we can clearly detect an energy gap. The bottom band follows roughly a parabolic dispersion. The dispersion of the top band remains very linear, "V" shape like, with the tip approaching very closely to the extrapolated location of Dirac point.
The discovery of Quantum Hall Effect 1 introduced the concept of quantum states that can not be classified by spontaneous symmetry breaking, but instead are classified by their topology. Another topological state, Quantum Spin Hall state, has been theoretically predicted and experimentally observed in HgTe quantum wells 2, 3 . This new topological state exists in a system that is insulating in its bulk but topologically conducting on the edge (i. e. 1D equivalent of 2D surface). A Bi 0.9 Sb 0.1 binary was the first bulk material verified to be a topological insulator by use of angle-resolved photoemission spectroscopy (ARPES)
to directly probe the electronic structure 4, 5 . However, its complicated surface states, fairly small bulk band gap and alloying disorder made it hard to be a model system for studying topological quantum phenomena and technological applications. were theoretically predicted 6 and experimentally proved to be the second generation topological insulators (or, at least, near insulators) with a single Dirac cone residing at the Γ point 7, 8 . The surface Dirac cone states are protected by time reversal symmetry (TRS).
Therefore, TRS breaking sources, such as magnetic field or magnetic dopant can modify the massless electrons into finite mass electrons 9 .
Discovery of such topologically protected quantum states generated a lot of interest and sparked search for other novel, exotic topological states, such as three-dimensional Dirac semimetals [10] [11] [12] [13] [14] [15] , type-I and type-II Weyl semimetals [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] and line node semimetals [32] [33] [34] .
However, no new family of binary topological insulators was reported to date. Recently, simple rock salt rare earth monopnictides LaX (X = N, P, As, Sb, Bi) were predicted to host novel topological states, such as "linked nodal ring" in LaN when spin-orbital coupling is neglected 35 . When considering the spin-orbital coupling, LaN turns into a three-dimensional Dirac semimetal and the rest of the family turn into topological insulators 35 .
Here, we present the results from our laboratory-based ARPES measurements and density functional theory (DFT) calculations detailing the electronic structure of LaBi. We observe the coexistence of the bulk and surface states at the Γ point from our He lamp and ultrahigh resolution laser based ARPES measurements. To reveal the details of these states at Γ we used vacuum ultraviolet laser ARPES spectrometer. The low photon energy combined with small beam spot and ultrahigh resolution allows us to gain more information about these features. We utilize photon energy dependent ARPES data to distinguish between bulk and surface states as shown in Fig.3 . A single Dirac-like dispersion is present at higher photon energies (top row of data in panel (a)) with no obvious change in shape. However, the size of the conduction electron pocket and intensity of bulk hole band change drastically especially for lower photon energies and overshadow the surface state due to different matrix elements The key question raised by these data is whether or not this actually is a relativistic, Dirac dispersion with no energy gap and apparent degeneracy of electronic states at the Dirac point. To examine this we use EDC's and look for the presence of an energy gap.
The band dispersion along Γ cut measured with 6.7 eV photons is shown in Fig. 4(a) . In In summary, we studied the electronic properties of newly proposed topological semimetal
LaBi. The dispersion of the surface state resembles a Dirac cone, but upon closer inspection we can detect an energy gap. The bottom band follows roughly a parabolic dispersion.
The top band has an unusually linear, "V" shape dispersion with the tip approaching very closely to the bottom band. Such abnormal, asymmetric mass acquisition by Dirac Fermions suggests that this compound likely hosts unusual, yet to be understood topological state. 
